There is abundant evidence that many animals, including songbirds (e.g., zebra finches [ Brown, Sinnott, & Kressley, 1994 ) possess a general ability to discriminate among conspecific and heterospecific vocalizations. However, discrimination performance may be enhanced when listening to conspecific vocalizations (Dooling et al., 1992) . This general ability is biologically significant because it allows animals to discriminate signals produced by heterospecifics that may be acoustically similar to conspecific signals. This ability may be especially important in the densely wooded environment where the ranges of black-capped and mountain chickadees overlap and both signalers and receivers may be out of visual, but not vocal, range. Discriminating heterospecifics may allow chickadees to avoid agonistic encounters with conspecifics and to avoid time lost spent courting members of the wrong species. In the current study, we investigated whether perception of vocal signals, and thus discrimination performance, is regulated by (a) the acoustic features of the signals or (b) experience with the vocalizations.
The black-capped chickadee (Poecile atricapillus) and the mountain chickadee (P. gambeli) are sympatric congeners that share several classes of vocalizations. Among these shared vocal classes is the namesake chick-a-dee call. The functional roles of the chick-a-dee call are many: raising alarm, signaling food availability, and coordinating flock movement (e.g., Freeberg & Lucas, 2002; Gaddis, 1985; Smith, 1991; Templeton, Greene, & Davies, 2005) . The chick-a-dee calls of these two species share four note types, A, B, C, and D notes. Both species' chick-a-dee call follows a relatively strict production order, and any note type may be repeated or omitted Char-rier, Bloomfield, & Sturdy, 2004; Ficken, Ficken, & Witkin, 1978, see Figure 1 for sound spectrograms of chick-a-dee calls of both species).
Previous research has focused on the mechanisms underlying the ability of both black-capped and mountain chickadees to discriminate the species identity of the signaler (e.g., Bloomfield, Farrell, & Sturdy, 2008a , 2008b Guillette, Farrell, Hoeschele, & Sturdy, 2010) . Most recently, in two operant go/no-go experiments, Guillette et al. (2010) showed that species-based discrimination was mainly controlled by the D note, and to a lesser extent by the A note, for both species. In these studies, we first trained black-capped and mountain chickadees to discriminate between complete, natural chick-a-dee calls of each species. After training, responding to individual note types from the chick-a-dee call was tested. During the test, birds responded significantly more to presentations of the D note compared to presentations of the B or the C note. There was no statistical difference in responding between the A note and the D note for chickadees trained to respond to black-capped chickadee notes types, however, chickadees trained to respond to mountain chickadee note types responded significantly more to D notes. In the second experiment, we trained black-capped and mountain chickadees to discriminate the species of the signaler using individual note types (A, B, C, and D notes) as discriminative stimuli. Here, birds learned to discriminate species of the signaler in significantly fewer trials with the D note compared to the B and the C note. There was no difference in responding between the A note and all other note types (Guillette et al., 2010) .
The importance of the D note for species-based discrimination (Guillette et al., 2010 ) is in agreement with previous perceptual studies conducted with black-capped and mountain chickadees. Bloomfield et al. (2008b) found that the terminal dee portion of the chick-a-dee call (i.e., D hybrid and D notes) is a better indicator of species identity compared to the initial chick-a (i.e., A, B, and C notes) portion. Interestingly, their results also demonstrated that, for black-capped chickadees at least, having no prior experience with the other chickadee species (in this case, no experience with mountain chickadees) did not affect chickadees' ability to classify species of the signaler using full-length chick-a-dee calls. Specifically, allopatric black-capped chickadees (that have no experience with mountain chickadees) did not perform significantly differently from sympatric black-capped chickadees (that had previous experience with mountain chickadees) or mountain chickadees (Bloomfield & Sturdy, 2008) .
In the current experiment, we trained zebra finches (Taeniopygia guttata) to perform a species-based discrimination using individual note types (A, B, C, and D notes) from the chick-a-dee call of black-capped and mountain chickadees (same apparatus, methods, and stimuli used in Guillette et al., 2010, Experiment 2) . Zebra finches are an ideal species for such a comparison because, like chickadees, they are vocal learners, they can be tested in the same apparatus using the same methods, and, most critically, zebra finches are domesticated songbirds that originate from Australia and have no experience or close phylogenetic history with either species of chickadee (Jønsson & Fjeldsøå, 2006) . If zebra finches classify the notes of the chick-a-dee call in a similar fashion to black-capped and mountain chickadees, the acoustic structure of the signal is likely driving discrimination performance. In contrast, perceptual differences arising from natural experience may result in different patterns of classification of chickadee vocal signals by chickadees (from Guillette et al., 2010) and zebra finches.
Method Subjects
Thirteen adult zebra finches (5 females, 8 males), were tested between November 2010 and September 2011. All finches were obtained from a local breeder or a local pet store. All finches were naïve to experimental procedures, and it is unlikely that they had previous experience with black-capped or mountain chickadees.
Prior to the start of the experiment, zebra finches were housed in Jupiter Parakeet cages (80 ϫ 30 ϫ 40 cm, Rolf C. Hagen Inc., Montréal, Canada) with same sex individuals in small groups (3-5 individuals per cage). All finches were housed in the same colony room and maintained on a 12:12 lightϪdark schedule at 22°C. Finches had free access to Finch Seed Original Blend and spray millet (Rolf C. Hagen Inc., Montréal, Canada), water, grit, and cuttle bone. Zebra finches received a mixture of eggs and greens twice a week.
Apparatus
A detailed description of the operant apparatus can be found in Sturdy and Weisman (2006) . Briefly, during the course of the experiment, each finch lived and worked in a modified cage (40 ϫ 30 ϫ 40 cm). Each cage had three perches, with water, grit, and cuttle bone available. Each cage had a wire floor so finches could not recover spilled food. An opening in the cage (11 ϫ 16 cm) allowed access to a motor-driven feeder. Infrared cells monitored the opening to the feeder, and a request perch that was situated in front of the feeder. A Fostex FE108 Sigma speaker located on the outside of the cage, at the height of the request perch, broadcast acoustic stimuli at about 75 dB. Each experimental cage, feeder, and speaker was housed in a ventilated, sound-attenuating chamber lit by a full-spectrum florescent bulb. During the course of the experiment, birds continued to be maintained on a 12:12 lightdark cycle.
Acoustic Stimuli
Acoustic stimuli were identical to the stimuli used in Experiment 2 of Guillette et al. (2010) , in which black-capped and mountain chickadees were trained to discriminate between their own and the other species' vocalizations. Briefly, there were 80 exemplars total, 10 exemplars each of black-capped chickadee A, B, C, and D notes and of mountain chickadee A, B, C, and D notes. See Experiment 1 Guillette et al. (2010) for details of stimulus processing.
Procedure
All procedures and response measures in the current experiment were identical to those in Experiment 2 of Guillette et al. (2010) . Each is explained briefly, below.
Pretraining. Finches were shaped to land on a request perch, thus breaking an infrared beam, which resulted in a stimulus being played. Each finch was rewarded with 1-s food access for responding (going to the feeder) to each of the 80 note exemplars (10 each of black-capped chickadee A, B, C, and D notes, and mountain chickadee A, B, C, and D notes). If the finch left the request perch after the stimulus finished playing, but did not go to the feeder, a new trial could be triggered after 1 s. If the finch remained on the perch for more than 1 s after the stimulus finished playing and did not fly away, a new trial initiated after 60 s. If the finch left the request perch before the stimulus finished playing, the house light would be extinguished for 30 s to ensure that the finches remained on the request perch and listened to the entire stimulus before responding. The criteria to complete the pretraining phase was six bins, each composed of 500 trials, where each finch responded (went to the feeder) in at least 60% of all trials and there was no more than 3% difference in mean responding to future Sϩ and SϪ exemplars. Each of the 80 exemplars was randomly selected and played once, without replacement, before being played a second time. All exemplars (future Sϩ and future SϪ exemplars) were rewarded during pretraining.
Species-based discrimination training. After completing pretraining, each bird began species-based discrimination training. During discrimination training, each finch heard the same exemplars it heard during pretraining, however, responding to half of the exemplars was now punished with a 30-s period with the house lights extinguished. The other half of the stimuli that were previously reinforced during pretraining continue to be reinforced. There were 20 reinforced (also called Sϩ) and 20 punished (also called SϪ) stimuli. Of the 20 stimuli in each category (either Sϩ or SϪ), there were five exemplars of each note type from one species, either black-capped or mountain chickadee. Although every finch heard the exact same stimuli, each finch was only trained under one condition, either black-capped chickadee Sϩ or mountain chickadee Sϩ. Each stimulus from the pool of 40 total was presented in random order, without replacement, before being presented a second time. For each bin, a separate discrimination ratio (DR; see response measures, below, for calculations) was calculated for each note-type category (i.e., A, B, C, and D). Each finch was trained until it completed six bins, comprised of 500 trials each, with a DR Ն 0.80, with the last two bins occurring consecutively, for each note type.
All finches were trained on a species-based (black-capped or mountain chickadee) discrimination. Finches were pseudorandomly (according sex) assigned to one of two discrimination groups: (a) black-capped chickadee Sϩ (BC Sϩ), or (b) mountain chickadee Sϩ (MO Sϩ). Six zebra finches (two female, four male) were in the BC Sϩ group and seven zebra finches (three female, four male) were in the MO Sϩ group. Finches in both discrimination groups discriminated between the exact same stimuli; however, finches in the BC Sϩ group were reinforced for responding to individual notes of the chick-a-dee call produced by blackcapped chickadees while finches in the MO Sϩ group were reinforced for responding to individual notes of the chick-a-dee call produced by mountain chickadees.
Response measures. We calculated percent response for each stimulus exemplar (both Sϩ and SϪ exemplars) by dividing the number of trials on which the finch went to the feeder (Rϩ) by the total number of trials for that stimulus (N), and then multiplying by 100. Trials where the bird left the request perch before the stimulus finished playing were excluded from analysis. The DR was calculated by dividing the average percent response to the Sϩ stimuli by the sum of the average percent response to all (Sϩ and SϪ) stimuli. A DR was calculated for each note-type pair (hereafter referred to as note-type DR), resulting in four distinct DRs for each 500-trial bin of data (e.g., DR for C notes, DR for D notes). Discrimination performance is at chance when the DR is 0.5 and is perfect (responding to only Sϩ exemplars) when the DR is 1. The overall DR was the DR collapsed across note type, and was calculated by combining the responses to all Sϩ and all SϪ exemplars. To control for the different absolute rates that each individual learned the discriminations, the number of bins to reach learning criteria for each of the four note-type discriminations were standardized (z score) within individuals, so the data could be compared across individuals. The z scores were ranked across all individuals; lower ranks indicated the discrimination was learned in fewer trials.
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Statistical Analysis
An analysis of variance (ANOVA) was conducted on the ranked z scores to test for differences in the acquisition rate of the four different note types (e.g., note-type DR for A, B, C, and D). To examine differences in acquisition rates between zebra finches and the two species of chickadees previously run in the same experiment (black-capped and mountain chickadees; Guillette et al., 2010 , Experiment 2), two additional ANOVAs were conducted. The first ANOVA was conducted to compare all three species tested for differences in early learning; here the behavioral measure was the number of bins until each bird reached an overall DR of at least 0.80. The second ANOVA examined how long it took birds to reach discrimination criterion: the number of bins until each bird had performed at least six bins with a DR of at least 0.80 with the last two bins occurring consecutively for each note type. Sex was included as a second independent variable in all ANOVAs. All values are reported mean Ϯ 95% confidence interval (CI). All statistics were calculated in PASW, Version 19.
Results
Figure 2 provides a graph of mean rank order (Ϯ 95% CI) of acquisition for the different note-type discriminations for zebra finches broken down by sex. Zebra finches learned the speciesbased discrimination at different rates (i.e., in different numbers of trials) for the different note types, F(3, 43) ϭ 6.48, p ϭ .001, partial 2 ϭ 0.31. Tukey's post hoc test shows that D notes were learned in fewer trials compared to all other note types (A, p ϭ .001; B, p ϭ .002; C, p ϭ .008). There was no difference in learning rates among the other three note types (A, B, and C). There was no significant main effect for sex (p ϭ .92) or sex by note-type interaction (p ϭ .658).
Comparative Analysis: Chickadees and Zebra Finches
Figure 3 provides a comparison of the number of bins to reach criteria for all species, plotted by sex and note type, and reveals that different species required different numbers of bins to reach criterion. An ANOVA revealed that the number of bins until each bird performed with an overall DR of 0.80 for one bin differed among all three species: black-capped chickadees (15.5 Ϯ 3.38), mountain chickadees (10.86 Ϯ 3.38), and zebra finches (6.85 Ϯ 2.725), F(2, 23) ϭ 8.262, p ϭ .002, partial 2 ϭ 0.418. Tukey's post hoc comparisons revealed that zebra finches obtained an overall DR of 0.80 in significantly fewer bins compared to blackcapped chickadees (p ϭ .001), while mountain chickadees did not differ significantly from either species (black-capped chickadee, p ϭ .057; zebra finch, p ϭ .077) in their speed of task acquisition. There was also a significant main effect for sex; males learned the task in significantly fewer bins (8.88 Ϯ 2.52) than females (13.37 Ϯ 2.67) 
Discussion
In the current experiment, we trained zebra finches to perform an acoustic species-based discrimination that had previously been conducted with two species of chickadees: black-capped and mountain (Guillette et al., 2010) . All three species were trained to categorize A, B, C, and D notes as produced by either black- capped or mountain chickadees. The Poecile species learned to discriminate between the conspecific and heterospecific vocalizations with the D note more quickly than with the B or the C note. The number of trials required to learn the discrimination with the A note did not differ significantly from the number of trials required to learn the discrimination with B, C, or D notes. Zebra finches learned the species-based discrimination more quickly with one note type, the D note, compared to all other note types (i.e., A, B, and C notes). The current and previous (Guillette et al., 2010) apparatus, methods, and stimuli used to train all three species were the same, which allowed for direct comparative analyses. These analyses revealed two main findings: (a) that zebra finches learned the task in fewer trials than black-capped chickadees, but mountain chickadees did not learn the task in significantly more or fewer trials than zebra finches or black-capped chickadees, and (b) that, across all species, males learned the task in fewer trials than females. We discuss each of these results, and their implications, in turn, below. Guillette et al. (2010) tested the discrimination ability of two sympatric congeners-black-capped and mountain chickadeeswith individual notes from chick-a-dee calls as discriminative stimuli, in a species discrimination task. Although all birds eventually learned the discrimination with all note types, D notes were discriminated in fewer trials, compared to B or C notes, and A notes were learned in an intermediate number of trials. The differential ability to classify the species of the signaler using different note types could be due to experience, acoustic structure, or a combination of these or other factors. We speak to each of these two points, below, starting with experience.
Experience Versus Acoustic Structure
The chickadees trained in Guillette et al. (2010) were trapped as adults and had experience with members of the other species in the wild. Therefore, for chickadees, learning through direct experience listening to, and producing the different note types, could account for differences in discrimination ability, in addition to the acoustic differences between note types. To assess this claim, we tested a third songbird species, the zebra finch, on the same discrimination. Zebra finches, like chickadees, are songbirds; however, the zebra finches had no previous experience listening to and interacting with either species of chickadee in the wild. The pattern of results obtained with zebra finches in the current experiment, that the discrimination with the D note was learned in significantly fewer trials compared to all other note types, suggests two things: (a) previous experience (i.e., learning) is not necessary to solve the discrimination most quickly with the D note (but see below about similarity in acoustic structure between the D note produced by chickadees and distance call and flat song note of zebra finches, Sturdy, Phillmore, & Weisman, 1999; Zann, 1996) , and (b) we need to examine why the chickadees were also able to use the A note in a manner different from the zebra finches.
In the previous paragraph, we suggested that learning through direct experience with heterospecifics as a potential reason why chickadees performed differently than zebra finches on the same discrimination. However, other studies that examined the effects of experience on perception in black-capped and mountain chickadees have suggested that learning through direct experience may not play such an important role. In a series of experiments with sympatric and allopatric black-capped chickadees in a blackcapped/mountain chickadee species-based acoustic discrimination Bloomfield et al. (2008a Bloomfield et al. ( , 2008b demonstrated that experience with the congener (here, mountain chickadees) does not affect discrimination ability. That is, allopatric black-capped chickadees that had no experience living and interacting with mountain chickadees performed similarly to black-capped chickadees that were sympatric with mountain chickadees.
Although allopatric black-capped chickadees lack experience with mountain chickadees, they do have experience with their own species chick-a-dee call. The A note is given in 93% of blackcapped chickadee chick-a-dee calls, and when an A note is given, it always appears first in the call Ficken et al., 1978) ; therefore it may be that chickadees use the A note as a species indicator to discriminate between conspecifics and other heterospecifics. Hughes, Nowicki, and Lohr (1998) conducted a developmental study in which independent groups of black-capped chickadees were raised in one of four acoustic environments: complete isolation (each hatchling in an individual soundattenuating chamber), social isolation (hatchlings in individual cages in the same room, but no adults present), with unrelated live tutors, and with their natural parents notes. Hughes et al. (1998) found that regardless of rearing condition, birds produced normal A notes, suggesting that production of species-typical A notes is less dependent on experience, compared to production of speciestypical B or C notes.
A second candidate potentially driving the pattern of results obtained by the three species is acoustic structure. Previous bioacoustic analyses of the chick-a-dee calls of both black-capped and mountain chickadees reported descriptive statistics of these vocalizations, including average measurements for nine acoustic features of the A, B, and C notes, and three acoustic features of the D note. Figure 4 shows the average value for each of these acoustic features, with the standard deviation, for each species (black-capped and mountain chickadee) and note type. If the birds we trained in the current experiment and Guillette et al. (2010) were classifying the species of the signaler based solely on acoustic structure, we would expect Figure 4 to reveal that the D note has either (a) many acoustic features that are distinct (i.e., do not overlap) between species or (b) the acoustic feature(s) that varies between species to be the most salient. The current results and the results from Guillette et al. (2010) , from all three species, suggest that, if acoustic structure was driving the discrimination, D notes must differ more in acoustic structure between black-capped and mountain chickadee vocalizations than the other three note types. However, Figure 4 shows that the C note has the greatest number of acoustic features measured that do not overlap (within 1 SD) between black-capped and mountain chickadees. These features are: total duration, ascending frequency modulation, descending frequency modulation, and highest frequency of the note. Although the C note appears to be the most acoustically distinct according to the sheer number of acoustic features measured that do not overlap between species, the birds themselves do not seem to use these features to classify the species of the signaler. For the D note, total duration is the only acoustic feature that does not overlap between species, suggesting that this temporal feature is especially salient for species identification in at least three species of songbirds. This claim, that the duration of vocalizations is a particularly salient cue, is somewhat 5 DISCRIMINATION OF POECILE VOCALIZATIONS BY FINCHES questionable. Duration did not overlap for the C note, and the C note was not learned in the same number of trials as the D note, for all species tested. Duration did not overlap for the A note, which was not learned in the same number of trials as the D note in finches. However, the number of trials taken to learn the discrimination with the A note and the D note did not differ for chickadees.
Measurements of black-capped chickadee notes from and mountain chickadee notes from Bloomfield et al. (2004) were examined using linear discriminant analysis (LDA) in order to classify different note types of the chickadees' call as being produced by either black-capped or mountain chickadees (Dawson, Bloomfield, Charrier, & Sturdy, 2006) . One LDA classified notes from the chick-a portion of the call (i.e., A, B, and C notes) with 100% accuracy. Of the nine acoustic features entered into the equation, six significantly contributed (ascending duration, start frequency, end frequency, ascending frequency modulation, descending frequency modulation, and the loudest frequency). A second LDA classified the D notes as being produced by black- capped and mountain chickadees with 94% accuracy. Of the four features entered into the equation, three significantly contributed (total duration, fundamental frequency, and the loudest frequency). The results of Dawson et al. (2006) suggest that with these complex vocal signals, a combination of features, rather than one feature, is used to distinguish the species of the signaler.
It is possible that all three species tested (finches in the current experiment, and black-capped and mountain chickadees in Guillette et al., 2010 ) are attending to one or more acoustic features that were not quantified by Bloomfield et al. (2004) or Charrier et al. (2004) , for example, the amplitude envelope. Similar results, namely, the most acoustically distinct features between stimulus sets are not necessarily the features that the birds rely on for classification, have been shown in a nonsongbird species. In an operant study conducted in two species of doves, (Streptopelia decaocto and S. chinensis; Beckers & ten Cate, 2001) , the temporal structure of perch-coo vocalization was the most distinct acoustic feature between species; however, the doves themselves relied more heavily on amplitude modulation to solve the discrimination. Similarly, Dooling et al. (1992) reported that birds are much less sensitive to changes in duration than they are to changes in frequency.
The total duration of the D note, which is much longer than the total duration of the other note types, affords a longer temporal window to assess the species of the signaler (see Figure 4 for average duration measures of A, B, C, and D notes produced by black-capped and mountain chickadees). This is one potential reason why all three species solved the discrimination in the fewest number of trials with the D note; however, we do not believe the longer temporal window is the main reason why discrimination with the D note was learned in the fewest number of trials. Guillette et al. (2010) attempted to control for overall longer duration of the D note compared to the other note type by testing birds with probes that consisted of a string of repeated A, B, or C notes. Repeating these shorter note types allowed the birds a longer temporal window to potentially listen to and process the information; however, with the exception of the C note, there was no difference in responding to repeated presentations of the note, compared to single presentations of the note. This suggests that the extended temporal window did not aid the chickadees' classification ability. The same study has yet to be undertaken in zebra finches, but it is unlikely that the extended temporal window would aid this species because zebra finches are able to detect changes in temporal differences in as little as 1.225 ms (Lohr, Dooling, & Bartone, 2006) .
There are also similarities in the acoustic structure between the distance call of male and female zebra finches, the flat note of male zebra finch songs, and the D note of black-capped and mountain chickadees. See Figure 5 for spectrograms of distance 
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calls produced by male and female zebra finches. Although each zebra finch produces a unique distance call, male zebra finch distance calls are learned in the same manner as songs, resulting in males producing more a complex distance call than females (Zann, 1996) . The distance call is the loudest and most frequently given call by zebra finches. This call serves in a variety of functional roles: maintaining contact within a pair-bond, coordination of flight, take-off, mild alarm, and in interactions just before and after directed song and feeding the young (Zann, 1984) . Because the distance call is similar in acoustic structure to the chickadee D note, and used frequently by both male and female zebra finches, likely for individual identification, the D notes in the current study could have commanded greater attention compared to the A, B, or C note, resulting in the pattern of results obtained for zebra finches. Therefore, the next step in the current line of research should test colonial songbirds that do not have a call type that resembles any of the note types in the chick-a-dee call.
Species Specific Differences in Discrimination Ability
The current experiment allowed us to directly compare discrimination performance in three species of songbirds, the closely related black-capped and mountain chickadee, and the more distantly related zebra finch. We found that zebra finches learned to discriminate between black-capped chickadee and mountain chickadee vocalizations faster than black-capped chickadees. The results from other, similar perceptual discrimination experiments that directly compared chickadee performance to zebra finch performance are mixed. Although zebra finches learned the discrimination in fewer trials and displayed higher asymptotic performance compared to black-capped chickadees in frequency range discriminations designed to test absolute pitch (Lee, Charrier, Bloomfield, Weisman, & Sturdy, 2006; Njegovan & Weisman, 1997; Weisman, Njegovan, & Ito, 1994) , another study found that chickadees learned a vocal discrimination faster than zebra finches (Phillmore, Sturdy, Ramsay, & Weisman, 1998) . The acoustic stimuli used in the latter study were degraded (far recording distance) and undegraded (near recording distance) male chickadee fee-bee songs and female zebra finch distance calls. Based on the results of Phillmore et al. (1998) and the similarity of the stimuli and task in the current study, one might have predicted that chickadees would have learned the current discrimination task more quickly than the zebra finches, in line with a hypothesis put forth by Ikebuchi and Okanoya (2000) that nonterritorial songbirds' (e.g., zebra finches') memory capacity for learning new vocalizations is limited compared to territorial songbirds' (e.g., chickadees'). The rationale is that nonterritorial male songbirds, like zebra finches, use their song(s) only to attract a mate, but not to defend territories, while territorial male songbirds use their song(s) for both mate attraction and territorial defense. Therefore it pays territorial, but not nonterritorial males, to remember the songs of other males. The results of the current study do not support this idea; rather, we suggest that zebra finches might have excelled at the current discrimination because they are nonterritorial; zebra finches live and breed colonially in group sizes ranging from 20 -200 individuals and use vocal, but not visual cues, to recognize partners (Zann, 1996; see Dent, Welch, McClain, & Shinn-Cunningham, 2008 , for a good introduction of species differences in auditory perception of conspecific vs. heterospecific vocalizations).
To more fully examine species differences in auditory perception between chickadees and zebra finches, the current experiment would have also needed to train zebra finches and chickadees on a species-based discrimination using zebra finch vocalizations. However, one study found no species-specific advantage for blackcapped chickadees that were discriminating between chick-a-dee calls produced by black-capped chickadees or distance calls produced by female zebra finches (Phillmore, Sturdy, Turyk, & Weisman, 2002 ; see earlier discussion about acoustic similarities between chickadee D notes and zebra finch distance calls and male song flat notes). Further research will necessarily need to be conducted to directly address this issue in order to resolve these disparate findings.
Sex Differences
In the comparative analyses among the three species, we found that males learned the species-based discrimination in fewer trials than females. Generally, the results of other studies that have examined sex differences in auditory perception in songbirds are mixed. Some behavioral studies reported no sex differences (e.g., black-capped and mountain chickadees, Bloomfield & Sturdy, 2008; Bloomfield et al., 2008a Guillette, Reddon, Hoeschele, & Sturdy, 2011; Guillette, Reddon, Hurd, & Sturdy, 2009; Hoeschele, Cook, Guillette, Brooks, & Sturdy, 2012; European starlings, Hulse, Cynx, & Humpal, 1984 ; zebra finches, Okanoya & Dooling, 1991) while other behavioral and physiological studies reported sex differences (e.g., zebra finches, Cynx & Nottebohm, 1992; Cynx & Nottebohm, 1990 ; black-capped chickadees, ; Bengalese finches, Lonchura striata, Ikebuchi, Futamatsu, & Okanoya, 2003 ; redwinged blackbirds, Agelaius phoniceus, Searcy & Brenowitz, 1988) . However, null results regarding sex difference in perception should be interpreted with caution, because sex differences are often statistically tested even though they are not the main emphasis of the study. In fact, low sample sizes or small sex effects could also lead to null results. The positive sex difference in discrimination performance in the current study points to the fact that future studies of songbird auditory perception and discrimination of nonsexual vocal signals (i.e., bird calls) should continue to thoroughly examine potential sex differences.
Conclusion
Through testing zebra finches on a black-capped chickadee/ mountain chickadee operant go/no-go vocal discrimination, and comparing the results to previous work (Guillette et al., 2010) , we suggest the following. The D note produced by black-capped and mountain chickadees contains acoustic cues that are most salient for species-based discrimination to both congeners and distantly related species. This idea is in line with the finding of Brenowitz (1981 Brenowitz ( , 1982 in red-winged blackbirds (Agelaius phoeniceus) that the terminal trill portion of the male song, which is similar in structure to the D note, is important in species identification. For zebra finches, the similarity of the D note of the chick-a-dee call to the distance call of both male and female conspecifics and the flat note of the male zebra finch song may have commanded 8 greater attention than the other three Poecile note types. For chickadees, the A note may be a learned cue evidenced by chickadees not learning it in significantly fewer trials than the D note (Guillette et al., 2010) . Whether the A note is an innate genusspecific cue needs to be tested with isolate reared birds, however, there is at least one study that has suggested the seeming innateness of the production of A notes (Hughes et al., 1998) . How the results of the direct comparative analysis between zebra finches and chickadees fit into the current literature remains unclear. In line with the current results, some studies have showed that, compared to chickadees, zebra finches excel at vocal discrimination learning, while others studies have showed the opposite. More studies are needed to directly compare discrimination learning across territorial, nonterritorial, sympatric, allopatric, and closely and distantly related songbird species. Finally, the results from the current study are one of a small number of studies that have showed a sex difference in discrimination ability of a bird call. We suggest that future studies test both male and female songbirds and design experiments with enough power to detect potential sex differences, even if sex differences are not the main question being tested.
